is not clear how much of the "refining" should take place in the initial
liquefaction step and how much outside the liquefaction system per se.
In all cases, however, these liquids contain unacceptable amounts of
nitrogen, oxygen, and polynuclear aromatics, and require further puri-
fication.

REFINING TECHNOLOGY

Today's refining technology has been highly optimized for the conversion
of a wide variety of petroleum crudes to meet the consumer's fuel
requirements.  The United States has maintained technological leadership
in this field, and American processes are used in the bulk of the world's
refining installations.  These processes reduce to acceptable values the
nitrogen, oxygen, sulfur, polynuclear aromatics, and metals such as
vanadium, iron, and nickel originally present in the crude oil.  However,
the nitrogen, oxygen, and polynuclear aromatic contents of shale- and
coal-based liquids are generally higher than those of petroleum crudes,
and special process units will be needed to eliminate these undesirable
components.

Hydrogenation is the basic technique for dealing with these mater-
ials, since by adding sufficient hydrogen all the organic components can
be reduced to saturated hydrocarbons and the metals eliminated from the
liquid products. Pilot plant studies of several hydrotreating processes
have demonstrated the ability to produce satisfactory products from shale
and coal liquids. These processes are primarily extensions of the cata-
lytic processes developed for the desulfurization and denitrogenation of
petroleum. With some further development, these processes could be
used to refine shale and coal liquids, but they require large amounts of
hydrogen, higher pressures, and lower feed rates, all of which entail
extra expense. More hydrogen is consumed than is stoichiometrically
needed for heteroatom removal, methane is produced as a by-product,
and a higher level of aromatic saturation occurs.  If higher selectivity
can be achieved, substantial savings in the energy and expense required
for hydrogen manufacture are, in principle, available. A substantial
R&D program aimed at reduction of hydrogen consumption is clearly justi-
fied.  Special emphasis on a search for chemical techniques other than
extensions of the conventional catalytic hydrogenation is also needed.

The inorganic contents of synthetic oils vary widely.  Those from
processes involving distillation contain relatively little, while those
produced by filtration or solvent precipitation can contain fairly large
amounts. These inorganic materials can cause catalyst deactivation and
plugging.  Thus, more efficient processes for their removal prior to
further catalytic treatment are needed.

Raw shale oil and some coal liquids are too viscous at ambient tem-
peratures to be transported in unheated pipelines. In some cases, vis-
cosity reduction at the liquefaction site may be more economical than
pipelining heated oil. Current technology such as coking or visbreaking